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We provide a theory with a monopole of a strongly-interacting hidden U(1) gauge symmetry that can 
explain the 750-GeV diphoton excess reported by ATLAS and CMS. The excess results from the resonance 
of monopole, which is produced via gluon fusion and decays into two photons. In the low energy, there 
are only mesons and a monopole in our model because any baryons cannot be gauge invariant in terms of 
strongly interacting Abelian symmetry. This is advantageous of our model because there is no unwanted 
relics around the BBN epoch.
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.1. Introduction
The concepts of conﬁnement and chiral symmetry breaking are 
long standing mystery in particle physics, which is not completely 
understood yet. It may seem to be natural that a non-abelian gauge 
theory is conﬁned and develops quark condensation in low energy 
because its gauge coupling constant can be asymptotically free and 
may blow up at low energy. One might think that conﬁnement 
does not occur in Abelian gauge theory, where the beta function of 
gauge coupling constant is positive in the presence of any charges 
of electrons. However, to understand the quark conﬁnement in the 
color SU(3)c gauge theory, ’t Hooft conjectured that long-distance 
physics of non-Abelian gauge theory is dominated by its Abelian 
degrees of freedom [1]. In fact, as Nambu showed, conﬁnement 
can occur in an Abelian gauge theory where a scalar monopole as 
well as electrons and positrons are introduced [2]. Once the scalar 
monopole develops a condensation, each electron and positron pair 
is attached by a physical string and is conﬁned by its tension.
In this paper we consider a phenomenological model of a U(1)H
gauge theory with hidden electrons (quarks) and a monopole. In 
fact, there really exist concrete models with the same qualitative 
features. First of all, there exist conformal ﬁeld theories (CFTs) 
which can be interpreted as U(1) gauge theories with electrons 
and monopoles [3,4]. Given such abstract CFTs, we can deform 
the theory by introducing relevant operators whose scaling dimen-
sions are less than 4. In particular, in those U(1) theories, there 
exist a relevant operator which can be interpreted as the electron 
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SCOAP3.masses [corresponding to our Eq. (8)], and it was also discussed [5]
(see also [6–8]) that there exists a relevant operator which cause 
monopole condensation [corresponding to our Eq. (9)], leading to 
conﬁnement and mesons.
In this paper, we provide a hidden Abelian gauge theory with a 
hidden monopole that explains diphoton excess at the energy scale 
of 750 GeV reported by the ATLAS and CMS collaborators [9,10].1
It has been discussed that its signal might be due to a resonance 
production of a composite particle that results in decay into dipho-
ton (see, e.g., Ref. [12] and references therein). In the previous 
works, they assumed that the composite state forms from addi-
tional particles which are charged under a hidden non-Abelian 
gauge symmetry. The strong dynamics of non-Abelian gauge inter-
actions results in the conﬁnement of additional particles and gives 
many composite states in the low energy, one of which has a mass 
of 750 GeV. In order to explain the diphoton excess and to avoid 
the constraint coming from the null results of LHC experiment at 
the energy scale of 8 TeV, the composite particle should be pro-
duced by a gluon fusion, which means that the additional particles 
have to be charged under the color SU(3)c . In this case, however, 
there are problems in cosmology because baryon states, most of 
which are charged under the SU(3)c , are stable or long-lived.2 The 
relics of such strongly interacting particles is severely constrained 
in cosmology, so that they should decay or be diluted eﬃciently 
before the BBN epoch. In this paper we point out that the cos-
mological problem can be naturally avoided when the composite 
states originate from a strong U(1)H gauge interaction. This is be-
1 See Ref. [11] for another phenomenological application of monopole condensa-
tion.
2 When the baryon is neutral under the SM gauge interactions, it can be DM [13]. under the CC BY license (http://creativecommons.org/licenses/by/4.0/). Funded by 
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to its U(1)H charge when the gauge symmetry is Abelian.
We ﬁrst provide a different model which is easier to analyze 
and has some similarity with the model of U(1)H gauge symmetry. 
The former model consists of a singlet scalar ﬁeld and extra quarks 
that are charged under hidden SU(N)H as well as SU(3)c × U(1)Y . 
The Yukawa coupling between the scalar ﬁeld and extra quarks can 
be as large as the gauge coupling of SU(N)H , so that we can obtain 
a large cross section of diphoton signal for a large gauge coupling 
of SU(N)H . This is similar to the above model with monopole in 
Abelian gauge theory, where the monopole interacts with extra 
quarks via strong U(1)H gauge interactions instead of Yukawa in-
teraction. The advantageous of the theory with monopole is the 
absence of colored baryons, which are disastrous in cosmology if 
they are long lived or stable.
Then, in Sec. 3, we explain our model with a scalar monopole, 
where hidden quarks are conﬁned by an Abelian gauge interaction 
due to a monopole condensation. As a result, there are a monopole 
and mesons in low energy and the former is responsible to the 
resonance of 750 GeV at the LHC. Then we discuss cosmology and 
explain that the mesons are unstable and there is no unwanted 
relics around the BBN epoch. Finally, we conclude in Sec. 4.
2. Model with SU(N)H
Let us consider a SU(N)H gauge theory with a singlet scalar 
ﬁeld  and Weyl fermions U and U¯ . The ﬁelds U and U¯ are 
charged under SU(N)H as well as the SM gauge symmetries as 
shown in Table 1. We call them as extra quarks because they are 
charged under the SU(3)c . We introduce a Yukawa interaction such 
as
L= yUU¯ + h.c., (1)
and assume that  develops condensation such as 〈〉 ≡ v/√2, 
which gives extra quarks an effective mass of mU ≡ yv/
√
2.
Below the energy scale of quark mass mU , we obtain the effec-
tive interaction of the phase direction of  such as
L= Nα3
8π
a
v
Gμν G˜
μν + 3Nq
2
Yα1
4π
a
v
Bμν B˜
μν (2)
where we decompose the scalar ﬁeld as  = (v + ϕ)eia/v/√2. 
Thus, the decay rates of a into SM gauge bosons are given as
(a → gg)  N
2α23
32π3v2
m3a (3)
Bra→γ γ = 9q
4
Yα
2
2α23
 3.5× 10−2 × q4Y , (4)
where we assume Bra→gg  1 and use α3  0.09 and α  1/126.5
at the energy scale of 750 GeV. The mass of a, denoted as ma , is 
independent of mU and assumed to be 750 GeV. The cross sec-
tion of the process (pp → a → γ γ ) at the center-of-mass energy √
s = 13 TeV can be written as
σ(pp → a → γ γ )  Cgg (a → gg)
mas
Bra→γ γ
 3.5 fb q4Y y2
(
N
3
)2 ( mU
1 TeV
)−2
, (5)
where Cgg = (π2/8) 
∫ 1
0 dx1
∫ 1
0 dx2δ(x1x2 − m2ϕ/s)g(x1)g(x2) and 
g(x) is the gluon parton distribution function. We use Cgg  2.1 ×
103 from MSTW2008 NLO set at the scale of ma = 750 GeV [14]. 
Here a large value of y is crucial to make the quarks heavier than 
of order 1 TeV.Table 1
Charge assignment for extra matter ﬁelds in the model without monopole.
SU(3)c SU(2)L U(1)Y SU(N)H
U  1 qY 
U¯ ¯ 1 −qY ¯
Table 2
Charge assignment for extra matter ﬁelds in the model with monopole.
SU(3)c SU(2)L U(1)Y U(1)H
Q   qY 1
U  1 qY − 1/2 1
Q¯ ¯ ¯ −qY −1
U¯ ¯ 1 −(qY − 1/2) −1
A large Yukawa coupling can be realized via the renormalization 
group running when the gauge coupling of SU(N)H is large. The RG 
equation is given by
(16π2)
dy
d logμ
= (3+ 3N)y3 −
(
3
N2 − 1
N
g2H + 8g23 + 6q2Y g21
)
y, (6)
so that the Yukawa coupling can be as large as gH . Thus when 
the gauge coupling constant gH is large at the energy scale of or-
der ma , the Yukawa coupling can also be large and extra quark 
masses can be as large as of order 1 TeV.
In this model, however, there is a stable baryon that is charged 
under the SU(3)c , whose abundance is severely constrained in cos-
mology.3 In the next subsection, we provide a theory that predicts 
no baryon and is safe cosmologically.
3. Model with U(1)H and a monopole
3.1. Model
Now, we consider a hidden Abelian gauge theory with a scalar 
monopole φ and extra quarks Q , Q¯ , U , and U¯ . The charge as-
signment for the extra quarks are shown in Table 2. We de-
note the ﬁne-structure constant for hidden electric charge as αH,e
(≡ g2e /4π ) and that for monopole charge as αH,m (≡ g2m/4π ), 
which satisfy Dirac quantization condition:
αH,eαH,m =
(n
2
)2
, (7)
where n is an integer. Hereafter we take n = 2 as an example.
In the presence of the hidden magnetic monopole as well as 
the hidden electrically charged particles, the theory may be con-
formal and the coupling constants are of order unity at the UV 
ﬁxed point [3,4]. Once we add mass terms for extra quarks such as
−L=mQ Q Q¯ +mUUU¯ , (8)
then the hidden electrically charged particles are decoupled be-
low these mass scale. The U(1)H theory contains only a scalar 
monopole after the extra quarks decouple, which means that the 
low energy theory is equivalent to a scalar QED due to the electro-
magnetic duality of U(1)H . When we write the potential of scalar 
monopole such as
V (φ) = −μ2 |φ|2 + λ |φ|4 , (9)
3 The model might be safe if we could introduce a higher dimensional interaction 
between the extra quarks and SM particles [12].
M. Yamada et al. / Physics Letters B 759 (2016) 459–463 461Fig. 1. Schematic plot of RG ﬂow for gauge couplings ge and gm and monopole 
quartic coupling λ. The masses of extra quarks are taken to be mQ =mU = 4 TeV. 
The dimensionless parameters are assumed to be gm = ge = λ1/2 = (4π)1/2 at the 
UV ﬁxed point, where the energy scale is higher than the mass of extra quarks.
the renormalization group (RG) equations can be written as
(16π2)
dgm
d lnμ
= g
3
m
3
(10)
(16π2)
dλ
d lnμ
= 20λ2 − 12g2mλ + 6g4m, (11)
within one-loop order. The RG group ﬂow is shown in Fig. 1, where 
we assume gm = ge = λ1/2 = (4π)1/2 at the UV ﬁxed point. Note 
that the couplings are larger than unity, so that the above per-
turbative calculation cannot be trusted and the ﬁgure should be 
regarded as a schematic plot. The theory is at the UV ﬁxed point in 
the energy scale higher than mQ ,U and the coupling constants run 
below that scale. The magnetic coupling becomes smaller in lower 
energy scale while the electric coupling becomes larger due to the 
Dirac’s quantization condition. Note that in this theory there are 
only two free parameters: quark mass scale mQ ,U and monopole 
mass parameter μ. The other parameters, such as electric and 
magnetic couplings and monopole quartic coupling, can be deter-
mined in principle by the RG running from the UV ﬁxed point. 
However, we do not know the values of these parameters at the 
UV ﬁxed point, so that we just expect that these couplings at the 
UV ﬁxed point are of order unity. The couplings at the energy 
scale of 750 GeV should be determined by solving renormaliza-
tion group equations between the quark mass scale and 750 GeV. 
The RG equations of Eq. (11) imply that the quartic coupling of 
monopole λ may be smaller than the hidden magnetic coupling 
gm in low energy (see Fig. 1).
At the minimum of the potential, the monopole develops a 
condensation such as 
√
2 〈|φ|〉 = μ/√λ (≡ v) and the mass of 
its radial component, which we denote as ϕ (≡ √2 |φ|), is given 
by mϕ =
√
2μ. The hidden U(1)H gauge boson acquires a mass 
of mv ≡ gmv , which we assume to be larger than mϕ . After the 
monopole acquires the VEV, extra quarks are attached by strings 
via the Meisner effect and are conﬁned by the tension of the 
string [2]. Its tension μs determines the dynamical scale and is 
given as
μs = 2παH,eαH,mv2 log
(
m2ϕ
m2v
+ 1
)
, (12)
which is almost independent of αH,e and αH,m due to the Dirac 
quantization condition. We assume that the extra quark masses 
mQ ,U are larger than the conﬁnement scale, so that there is only the radial component of monopole below the conﬁnement scale. 
We identify the monopole as a particle with a mass of 750 GeV
that is responsible for the diphoton resonance.
3.2. Collider signals
The monopole and SM gauge ﬁelds are coupled via the heavy 
quarks. Therefore the couplings are inversely proportional to the 
typical mass scale of Q and U . In the naive dimensional analy-
sis [15], the couplings between the monopole and SM gauge ﬁelds 
are given by
L= c3 g
2
3
16π2
(4π)2 |φ|2
m2Q ,U
GμνG
μν
+ c2 g
2
2
16π2
(4π)2 |φ|2
m2Q ,U
WμνW
μν
+ c1 g
2
1
16π2
(4π)2 |φ|2
m2Q ,U
Bμν B
μν, (13)
where ci (i = 1, 2, 3) are unknown O (1) constants and mQ ,U is a 
typical mass parameter of order mQ and mU . Then, using |φ|2 =
v2/2 + vϕ + . . ., we obtain the decay rates of ϕ into SM gauge 
bosons such as
(ϕ → gg)  8c
2
3α
2
c (4π v)
2
4πm4Q ,U
m3ϕ (14)
Brϕ→γ γ = (c1 + c2)
2e4
8c23g
4
3
, (15)
Brϕ→W+W− =
c22e
4
4s2W c
2
3g
4
3
, (16)
Brϕ→Z Z = (c1t
2
W + c2/t2W )2e4
8c23g
4
3
, (17)
Brϕ→Zγ = (c1/tW − c2tW )
2e4
4c23g
4
3
, (18)
where we assume Brϕ→gg  1 and deﬁne sW ≡ sin θW and tW ≡
tan θW . The cross section of the process (pp → ϕ → γ γ ) can be 
written as
σ(pp → ϕ → γ γ )  Cgg (ϕ → gg)
mϕs
Brϕ→γ γ
 3.8 fb(c1 + c2)2
(
λ
10
)−1 (mQ ,U
2 TeV
)−4
,
(19)
where we use Cgg  2.1 × 103, mϕ = 750 GeV, and αc  0.09 for √
s = 13 TeV. We ﬁnd that the masses of extra quarks can be larger 
than O(1) TeV for λ =O(10).
The hidden vector boson mass mv is related to the value of λ
such as mv = gmv = gmmϕ/
√
2λ. Assuming that gm ≈
√
4π and 
λ  3 − 10, which is expected from the RG running (see Fig. 1), 
we estimate mv ≈ 0.6 −1.1 TeV. Note that the hidden gauge boson 
acquires an effective mass by the monopole condensation, so that 
the hidden gauge coupling does not mix with the electroweak cou-
pling. Thus the hidden gauge boson, which we denote by Z ′ , can 
be produced by collider experiments only via loop effects. A model 
that predicts similar signals has been investigated in Ref. [16]. They 
focused on gg → Z ′g associated with Z ′ → gg∗ → gtt¯ , where g
and g∗ represent on-shell and off-shell gluons, respectively. Since 
the scattering cross section is suppressed by the masses of extra 
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ground signals. A process pp¯ → Z + jets is also predicted in our 
model. However, its background signal cross section is as large as 
104−5 pb [17], so that we cannot obtain any signals from this pro-
cess.
Here we comment on a consequence from sequestering prop-
erty of conformal ﬁeld theory [3,4]. One may naively expect that 
the decay rate into diphoton is roughly proportional to q4Y for 
qY  1 because its process is mediated by extra quarks with U(1)Y
charge of order qY . However, this may not be the case in the con-
formal Abelian gauge theory. First, note that the hypercharge of Q , 
Q¯ †, U , and U¯ † can be shifted by −qY by redeﬁnition of U(1)H
gauge ﬁeld and be rewritten by a kinetic mixing term between 
U(1)Y and U(1)H (∝ qY Bμν Fμν , where Fμν is the ﬁeld strength of 
U(1)H ). When the U(1)H gauge theory is conformal, its gauge ﬁeld 
strength Fμν has an anomalous dimension larger than 2. This im-
plies that the kinetic mixing term Bμν Fμν is an irrelevant operator 
and is suppressed at low energy. As a result, if the hypercharges of 
Q , Q¯ †, U , and U¯ † were identical, their hypercharge would be sup-
pressed in the low energy effective theory. This is the reason why 
we do not expect that the decay rate of monopole into diphoton 
is proportional to q4Y . Since their hypercharges are not identical 
in our model, we expect nonzero decay rate of monopole into 
diphoton. Note that if the kinetic mixing term is not suppressed 
at low energy, we do not need to introduce Q and Q¯ to explain 
the diphoton signal.
3.3. Mesons and cosmology
In the low energy effective theory, there are mesons as well as 
monopoles. Their SM gauge charges are listed in Table 3. As we 
discussed in the previous section, the mass of the mesons are as 
heavy as 2mQ ,U ≈ 4 TeV, so that we may not be able to produce 
them at the LHC. In any case, we should check that they do not 
affect the standard cosmological scenario, such as the BBN theory.
In the low energy, we can write the following operators allowed 
by symmetry:
L= κ1g2g3
32π2v
ψaαQ 
μνρσ GaμνW
α
ρσ +
κ2g23
32π2v
dabcψ ′ aQ μνρσ GbμνGcρσ
+ κ3g1g3
32π2v
ψ ′ aQ μνρσ Gaμν Bρσ +
κ4g1g2
32π2v
ψ ′′αQ μνρσ W αμν Bρσ
+ κ5g1g3
32π2v
ψaU
μνρσ Gaμν Bρσ
+ κ6g
2
2
32π2v
ημνρσ W αμνW
α
ρσ +
κ7g21
32π2v
ημνρσ Bμν Bρσ
+ κ8g
2
3
32π2v
η′μνρσ GaμνGaρσ +
κ9g22
32π2v
η′μνρσ W αμνW αρσ
+ κ10g
2
1
32π2v
η′μνρσ Bμν Bρσ , (20)
where κi are O(1) factors and dabc ≡ 2Tr[ta{tb, tc}] with ta being
half of the Gell-Mann matrices. Thus ψQ , ψ ′Q , ψ ′′Q , ψU , η, and 
η′ can decay into the SM gauge bosons. Note that the mass of 
η′ is the same order with that of the other mesons because the 
dynamical scale v is much smaller than the typical mass scale 
of extra quarks mQ and mU . In order to make the other mesons 
(π± and π ′ ±) decay, we introduce interactions of
Lint = yQ U¯ H + h.c., (21)
where y is a Yukawa coupling constant. This interaction allows π±
and π ′ ± to decay into SM particles so fast that we can avoid the 
BBN constraint.Table 3
SM gauge charges of extra mesons.
SU(3)c SU(2)L U(1)Y
ψQ Adj Adj 0
ψ ′Q Adj 1 0
ψ ′′Q 1 Adj 0
π± Adj  ±1/2
π ′ ± 1  ±1/2
ψU Adj 1 0
η, η′ 1 1 0
4. Discussion and conclusions
We have provided a simple model that explains the dipho-
ton excess reported by ATLAS and CMS and predicts no unwanted 
relics in the Universe. First we explain a model with non-Abelian 
gauge symmetry to illustrate our mechanism, where extra quarks 
can be as heavy as O(1) TeV. Then we discuss our model based on 
a conﬁnement in Abelian gauge theory, which can be realized by a 
monopole condensation at an intermediate scale. The diphoton ex-
cess results from the resonance production of 750-GeV monopole 
by gluon fusion and its subsequent decay into diphoton. We pre-
dict mesons with the masses of order 5 TeV, which decay fast 
and do not spoil the success of the BBN theory in cosmology. We 
also predict a massive hidden gauge boson with mass about 1 TeV. 
Since it acquires an effective mass by the monopole condensation, 
its production process is different from the ordinary Z ′ . It may be 
challenging to search its signals in LHC.
Finally, we comment on another interesting possibility for 
application of monopole condensation in cosmology and phe-
nomenology. As discussed in the ﬁnal paragraph in Sec. 3.2, the 
kinetic mixing between U(1)Y and hidden U(1)H is suppressed 
in low energy when the hidden U(1)H is conformal due to the 
presence of monopole as well as electrons. The suppression de-
pends on the (unknown) anomalous dimension of ﬁeld strength of 
U(1)H , so that the kinetic mixing may be a nonzero small value. 
This provides a simple mechanism to suppress the kinetic mixing 
of Abelian gauge theories, which is severely constrained by many 
experiments.
In the literature, strongly interacting massive particles (SIMPs) 
are well motivated as DM in light of a solution to a tension be-
tween the cold DM model and astrophysical observations (see e.g., 
Refs. [18–20]). In Ref. [21], they considered strongly-interacting 
hidden SU(N) gauge theory and identiﬁed pions in low energy 
effective theory as SIMPs. Their relic abundance is determined 
by 3 → 2 scattering and can explain the observed one around a 
parameter space consistent with astrophysical observations [22]. 
However, we need interactions between the pions and SM sec-
tor so that the energy of pions can be reduced in order not to 
be hot DM. In Refs. [23,24], they introduced an additional U(1)H
gauge symmetry and assume a kinetic mixing between the U(1)H
and U(1)Y . Here, we can consider a simpler model where the 
above hidden SU(N) is replaced by our hidden U(1)H . The hidden 
electrons are conﬁned by the monopole condensation, leading the 
electron and anti-electron chiral condensation. The kinetic mix-
ing between U(1)H and U(1)Y can be naturally small as discussed 
above and may allow pions to reduce its energy without affecting 
their relic abundance. In addition, there is no unwanted baryon in 
this theory as discussed in the main part of this paper. A detailed 
study will be presented elsewhere [25].
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